Study on modulation schemes employing elliptical signals by 宋 春毅
 早稲田大学大学院国際情報通信研究科 
 
 
 
 
博 士 論 文 概 要 
 
 
 
 
 
 
 
 
論  文  題  目  
 
A Study on Modulation Schemes 
Employing Elliptical Signals 
 
楕円信号を用いる変調方式    
に関する研究 
 
 
 
 
 
 
 
 
 
 
 
申  請  者 
Chunyi  Song 
宋 春毅 
 
国際情報通信学専攻 
無線・衛星通信研究Ⅱ 
 
 
 2009 年 2 月  
 System Trade-off is fundamental to all digital communication systems. A system designer 
may seek to achieve optimal trade-offs among 1) high transmission bit rate, 2) low 
probability of bit error, 3) low required transmission power and 4) high spectral efficiency. 
Modulation technique plays a key role in realizing above goals, especially in single-input 
and single-output (SISO) systems. Considering the variety of radio links and the 
time-varying status, it is desirable to have as many as possible the choices of modulation 
parameters, and realize as large as possible the dynamic range of each modulation parameter. 
In existing modulation techniques, sinusoid signals are used as carriers and which mainly 
provide three modulation parameters, i.e. amplitude, phase and frequency. Features of all 
three parameters have been well exploited, so it is more feasible and desirable to develop 
new modulation schemes based on new parameters. A sinusoid signal is derived from a circle, 
and a circle can be regarded as a special ellipse, achieved when eccentricity equals to 0. 
Signals derived from ellipses are called elliptical signals. By dynamically varying 
eccentricity from 0 to 1, elliptical signals can realize flexible change of signal features. 
Employing such characteristics of elliptical signals, some new modulation techniques are 
developed in this work. The main content of each chapter is summarized and conclusions are 
drawn below. 
In Chapter 1 ‘Introduction’, background of this dissertation, especially the motivation of 
developing new modulation techniques based on new modulation parameters is presented. 
Works in this dissertation aim to improve dynamic features of modulation scheme control, so 
as to realize more flexible trade-offs among multiple performance parameters in wireless 
communication system. 
In Chapter 2 ‘Review of Fundamental Modulation Techniques’, popularly used 
modulation techniques are reviewed. Their main features and performance are analyzed and 
demonstrated. Some key signal detection methods and the receiver structures, and related 
techniques such as synchronization are also described in this chapter. This chapter shows the 
background of the work in this dissertation and provides the theory preparation. 
In Chapter 3 ‘Features of Signals Derived from Ellipses’, new parameters introduced by 
elliptical signals and their effects to the waveform are analyzed and demonstrated. Basic 
distinctions of the proposed modulation technique versus conventional modulation 
techniques are derived from their differences on modulation parameters, so correct 
understanding of new modulation parameters is necessary in developing efficient modulation 
techniques and in analyzing their features and performance. Therefore, although this chapter 
consists of the most basic work, it contributes toward correct understanding of all the 
following chapters. This chapter first analyzes the geometrical characteristic of an ellipse, 
 and then derives the expression of elliptical signals and demonstrates the effects of new 
parameters to elliptical signals, mainly the eccentricity and inclination angle of major axis.  
In Chapter 4 ‘Elliptical Phase Modulation’, a new type of phase modulation scheme 
realized by employing elliptical signals is proposed and evaluated. In elliptical signals, the 
signal phase is consisted of two components: inclination angle of major axis and angle 
between elliptical radius and major-axis. Then in this chapter, two types of elliptical phase 
shift keying (M-EPSK) are proposed according to whether the angle between elliptical radius 
major-axis equals to 0 or not. Most basic features of M-EPSK signals in time domain and 
frequency domain are analysed and observed, by varying eccentricity to different values. 
Increase of eccentricity leads to increments on both signal occupied bandwidth and decision 
radius. The effects of eccentricity are evaluated, and then BER approximation of M-EPSK is 
derived from that of MPSK by taking into account the effects of eccentricity. Computer 
simulation is also carried out to evaluate the error performance. 
Comparison results show that the analytical results agree well with simulation results, and 
M-EPSK can achieve better noise performance than MPSK at the expense of decreasing 
spectrum efficiency. In particular, the evaluation results also confirms that M-EPSK can 
realize more flexible trade-offs between error probability and bandwidth efficiency by 
dynamically varying eccentricity.   
In Chapter 5 ‘Elliptical Phase and Amplitude Modulation’, realization of combined phase 
and amplitude modulation employing elliptical signals is investigated. Corresponding to 
signal constellation of QAM, two types of signal constellations are defined for elliptical 
phase and amplitude modulation (EAPM), which are EAPM of square mapping and EAPM 
of star mapping. In this chapter, features of signals in time domain and frequency domain are 
analyzed and demonstrated first, then demodulation methods are proposed and their 
processes are illustrated. Effect of eccentricity to different decision variables of error 
performance is analyzed, and then based on the analysis results, BER approximation is 
derived. Computer simulation is conducted and the results are compared with analytical 
results. Both results show the consistency. Compared to 16 QAM, 16-EAPM of the same 
Gray code bit mapping can achieve better noise performance while suffering lower spectral 
efficiency. In addition, error performance is directly proportional to eccentricity while 
spectral efficiency is inversely proportional to eccentricity. Therefore, 16-EAPM can realize 
flexible trade-off between error probability and bandwidth efficiency by dynamically 
varying eccentricity. 
In Chapter 6 ‘A Synchronization Technique for Transmissions Employing Elliptical 
Carriers’, a synchronization technique realizing timing recovery through self-processing 
 envelope of the received signal is proposed. Demodulation methods proposed for M-EPSK 
in Chapter 4 and for 16-EAPM in Chapter 5 have strict requirement of synchronization 
accuracy, and the detection performance is vulnerable to synchronization error. Envelope of 
an elliptical signal varies in a duration that is equal to half signal duration, which implies that 
received signals with different delays have different characteristics of envelope variation. By 
employing this characteristic, this chapter develops a timing recovery technique for 
transmissions employing elliptical waves, which is effective when time offset is smaller than 
half signal duration.  
When the receiver starts to receive a signal, it makes multiple samples of the signal 
envelope within half signal duration. Since time offset corresponds to a unique envelope 
variation of the samples, time offset can be extracted by analysing the envelope variation of 
these samples. Based on such a principle, an algorithm that realizes estimation of time offset 
is proposed. Computer simulation based evaluation confirms that the proposed technique can 
achieve efficient performance. Furthermore, since the estimation is realized through 
self-processing envelope of the received signal, the algorithm has advantage on simplicity 
and potentially has broad applications.  
In Chapter 7 ‘Conclusion’, the main achievements of this research work are summarized.  
In this dissertation, some new modulation schemes employing elliptical signals are 
developed. The proposed modulation schemes introduce some new parameters and among 
which, eccentricity can be dynamically varied to any decimals between 0 and 1. Evaluation 
results show that when increasing eccentricity, occupied bandwidth of an elliptical signal 
increases and this increase leads to degradation of both error probability and spectral 
efficiency. At the same time, some new signal features are realized and such features 
contribute toward improving the detection performance. Therefore, by dynamically varying 
eccentricity, flexible trade-offs between bandwidth efficiency and error probability can be 
realized by the proposed modulation schemes. The new schemes then are expected to 
contribute toward improving dynamic features of modulation scheme control, which is used 
as main technique to realize system trade-offs in SISO wireless communication systems.      
